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A COMPARATIVE STUDY OF THE ULTRASTRUCTURE OF THE SEBACEOUS 
GLANDS OF MAN AND OTHER PRIMATES· 
MARY BELL, PH.D. 
Most of the ultrastructural features of sebaceous 
glands have been well known for several years 
(Palay, 1958). Kurosumi et at. ( 1960) first de-
scribed in detail human sebaceous cells durin{{ 
differential ion, and Ellis and Henrikson (1963) 
classified them during the various stages of differ-
entiation. The latter authors called attention to 
the peripheral, undifferentiated cells wtth their 
characteristically high nucleo: cytoplasmic ratio, 
high free ribosome and glycogen contents, numer-
ous mitochondria, small Golgi zones, few profiles of 
granular endoplasmic reticulum, and the absence 
of sebum vesicles. Differentiating cells, on the 
other hand, (so called because they have at least 
some sebum vesicles) are characterized by a lower 
nucleo: cytoplasmic ratio, large Golgi zones, and 
abundant agranular reticulum tuhules. In addi-
tion, the differentiating cells contain abundant 
mitochondria, free ribosomes and glycogen, and 
the few profiles of granular endoplasmic reticulum 
seen in the undifferentiated cells. Mature cells. 
that is, those that are located in the center of the 
alveoli and about to burst and disperse their sebum 
into the pilosebaceous duct, retain numerous well-
defined mitochondria, but lheir other cytoplasmic 
organelles are sparse because of the large and 
numerous sebum vesicles that occupy most of the 
cytoplasmic space. 
Judging from this sequence, Ellis and Henrikson 
(1963) concluded that the agranular reticulum and 
the Golgi zones were involved in the elaboration of 
sebum vesicles and in sebum synthes is. Study of 
these glands during ontogenetic differentiation has 
since confirmed the findings ofPalay (1958) , Hibbs 
(1962), and Ellis and Henrikson (1963) that the 
Golgi zones elaborate the sebum vesicles and that 
the agranular reticulum is the probable site for 
most sebum formation (Bell, 1971 h; Breathnach, 
1971). Early studies overlooked lysosomes. which 
were first reported in sebaceous cells by Brandes et 
al. (1965). The high content of hydrolytic enzymes 
led these authors to theorize that lysosomes help 
hydrolyze precursors in the synthesis of sebaceous 
lipids and are also involved in the breakdown of' 
mature cells. Rupee and Braun -Falco (1968) de-
scribed the acid phosphatase activity of human 
sebaceous lysosomes. 
Except for these early reports, lillie progress has 
been made in interpreting sebaceous ultrastruc-
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ture, chiefly because of the difficulty of preserving 
the integrity of the cells. Tissues fixed in solutions 
that contain paraformaldehyde are superior to 
others. It has nO\\ become possible to obtain data 
on lysosomal formation in human sebaceous cells 
and on the relationships between adjacent cells, 
particularly in specialized contact areas at the cell 
surfaces. Most ultrastructural studies of human 
sebaceous glands have been done on specimens 
from the face and scalp, but until now no repons 
have directly compared the glands in these sites 
with those in other parts of the body nor those from 
prepubertal children and hypogonadal subjecls 
with those of normal adults. 
When the ultrastructure of human sebaceous 
glands is compared with that of other mammals, 
especially other primates. the disposition and form 
of the cytoplasmic organelles vary according to the 
genus and even species though the basic comple-
ment of organelles does not vary (Bell, 1970: 197la. 
c). Some of these characteristic morphologic 
endpoints can he useful in the study of the rela-
tionship between cytoplasmic organelles and lipid 
secretion. 
MATERIAl-'> AND METHODS 
Human Skin 
Biopsy specimens (2 4 mm Keyes punch) were ob-
tained from the face, t scalp. back,t and axillary linet 
under local anesthesia ( J'l; xylocaine with or without 
epinephrine). and from the arm, leg, eyelid, and scrotum 
at surgery or autopsy. Tbsue blocks (I x 1 x 2 mml were 
fixed in either a modified Graham and Karnov~ky (1966) 
medium for :2 hi or a paraformaldehyde-glutaraldeh~·de 
solution* overnight. After aldehyde fixation, specimens 
were washed in their rebpective buffers and postfixed for 
2 hi in 1% OsO, buffered as in the initial fixative. Tissue 
blocks were then dehydrated through an ascending ~enes 
of ethanols to propylene oxide, embedded either in 
Araldite (luft, 1961) or accordinl( to Spurr (19691. and 
prepared accord in!! to routine procedures for observation 
by light and electron mi<'roscopy. 
Some biopsy specimen" were prepared for ell'ctron 
histochemical observation. After the aldehyde fixat1on 
described above, frozen ~ections were cut at 40-80 1.1 on a 
freezing microtome, incubated in Gomori's medium 
( 1950) for acid phospha tase activity. and washed severa l 
times in cacodylate buffer (0.1 M. pH 7.2 + S'l :sucrose) 
before post fixation m huflered I% OsO,. 
t These specimens were obtained from residents of 
Fa1rview Hospital and Traininl( Center, Salem. Oregon. 
during the course of a special acne clinic conducted by 
Dr. D. Knut.Son and the author. 
t Russell , N. J. ( 1972). Epidermal ultrastructure dur· 
ing wound healing in chick embryos. A thesis submilled 
to the faculty of the Graduate School of the University of 
Minnesota in partial fulfillment of the requiiemenb for 
the degree of Doctor of Philosophy. 
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Nonhuman Primate Skin 
Specimens of scalp skin were obtained from Tarsier 
syrichta. Galago seneJ!alensis. Galapo crassicaudatus, 
Lemur macaco, Macaca mulatto. Macaca speciosa. Ma-
caca {ascicularis, and Macaca nemestrina and fixed for 2 
hr in one of the following: (a) l <f OsO, buffered with 
verona! acetate (Palade. 19.52l. (bl :J.l% glutaraldehyde 
buffered with phosphate, (c) 4.6'1 glutaraldehydE' in 0.1 
M cacodylate buffer. pH 7.2 - B«r sucrose. or (d) l: I 2"1 
OsO,: 4.6% glutaraldehyde in 0.1 M Na cacodylate 
buffer, pH 7 .2. Tissue blocks first fixed in aldehydes were 
washed overnight in their respective buffers, then poSt· 
fixed in 1% OsO, in simila.r buffers. After osmication, all 
blocks were dehydrated through an ascending serie,. of 
ethanols to propylene oxide, embedded in Araldite (Luft, 
1961), and prepared for light and electron microscopic 
observation according to routine procedu.res. 
Scalp skin from M . mulatto. M. fascicularis. M. 
nemestrina, and M. speciasa was incubated for the 
electron histochemical demonstration of acid phospha-
tase activity (Gomori. 1950) and processed according ro 
the procedures described above. 
RESULTS 
Human Sebaceous Cells 
Within individual sebaceous cells, there are 
regional cytoplasmic differences which are slight in 
peripheral , undifferentiated, and mature cells but 
noticeable in differentiating cells. particularly in 
those that are just beginning to form sebum 
vesicles. For example. some cytoplasmic sites are 
packed with tubules of agranular endoplasmic 
reticulum whereas others are devoid of them (Fig. 
1). It has yet to be established whether all types of 
these areas are found within a single cell or 
whether the cytoplasm of some cells differs quali-
tatively from that of others. Cytoplasmic sites are 
often characterized by many small (- L 75 Al 
electron-opaque bodies (Fig. 2}, which have no acid 
phosphatase activity and are different from lyse-
somes; lysosomes are interspen.ed among them . 
Lysosomes, found during all stages of differenti-
ation, are seen most clearly in peripheral cells and 
in cells in the early stages of differentiation. They 
are generally rounded but not homogeneously elec-
tron opaque (Figs. 2, 3d ). They first form in 
Golgi-associated vesicles which are approximately 
0.14 1.1 in diameter; these vesicles soon assemble 
into clusters, each encircled by an outer limiting 
membrane (Fig. 3a). Acid phosphatase reactions 
are first restricted to the lamellae of the Golgi 
apparatus (Fig. 3bl, the spaces between each 
vesicular membrane, and the membrane limiting 
the cluster (Fig. 3c). As the lysosomes mature, the 
entire cluster, especially the space between the 
individual vesicles, becomes more electron opaque. 
Even fully formed lysosomes ne,·er look completely 
homogeneous (Fig. 3d). 
Human sebaceous cells often contain vesicles, 
sometimes as large as 2.9 J.L , with free ribosomes 
and glycogen in them (Fig. 4d). The vesicles are 
bounded by a double membrane, and the inter-
membranous space contains highly electron-
opaque. amorphous material. No tonofilaments are 
attached to them. and they a re not desmosomes. 
First appearing as apposing membranes with an 
intervening zone of electron-opaque, amorphous 
material (Fig. 4a-c), these structures become 
hemispherical and subsequently completely spher-
ical with a double wall around the entire circum· 
ference (Fig. 4d}. Whether they eventually pinch 
off from the plasma membrane and become incor-
porated within the cells has not yet been deter-
mined. 
Peripheral-type Cells within DifferentiatinK 
Alveoli 
Cells resembling undifferentiated. peripheral 
cells are occasionally found in the central portions 
of sebaceous alveoli. Their surfaces have desmoso-
mal attachments abutting well-differentiated 
cells, and they contain tonofilaments; therefore. 
they are not fibroblasts. 
Sebaceous Cells from Various Body Sites 
Regardless of their location in the body or of the 
number of glands in any one site. sebaceous cells of 
comparable stages of differentiation resemble each 
other. Figure 5a shows a sebaceous cell from the 
arm, Figure 5b. one from the axillary Line. The 
differentiation characteristics of these and of seba-
ceous cells from the leg, arm, eyelid, scrotum, face, 
!'lcalp, and bark are aJike. The minor ryloplasmic 
differences in the variety of organelles. as de-
scribed previously, are found in cells from aJl 
locations. 
The Cells of Prepubertal and Hypo#onadal 
Subjects 
Although the sebaceous glands of these subjects 
are much smaller than those of adults, the cells in 
each are qualitatively similar (Fig. 6a). They have 
abundant agranular endoplasmic reticulum (Fig. 
6b) as do those of normal subjects. 
Cytoplasmic Organelles in the Sebaceous Glands 
of Man and Other Primates 
Structurally, the organelles in the sebaceous 
glands of different species differ widely, especially 
the cytoplasmic membranes and the lysosornes. 
The former are numerous in the differentiating 
cells, the latter in fully mature cells. 
The sebaceous cells of' all specie!:. have Golgi 
zones and agranular endoplasmic reticulum. The 
Golgi zones vary little from one species to another. 
but the agranular reticulum is uniquely different in 
some primates. Except in man and lemurs, the 
agranular reticulum is organized into grids (Fig. 
7a) li.ke those in rodent glands described by Palay 
( l958} . Pairs of stereographic micrographs show 
that during the organization of each grid. 400 A 
tubules are transformed i.nto tubules 250 A in 
diameter; the somewhat electron-opaque material 
in the original tubules becomes intertubular in the 
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Ftc. I : An electron micrograph of portions of three sebaceous cells from an adult human male . ln some cytoplasmic 
areas, profiles of agranular endoplasmic reticulum {arl are abundant; in others (arrows), such profiles are infrequent 
and the cytoplasm contains only fiee ribosomes. glycogen. and amorphous material. A double-walled structme 
containing cytoplasmic elements is seen at t he left. C'l'his type of structure is described in detail in Figs. 4a-d.) ( x 
11.250) 
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FIG. 2: An electron micrograph of sebaceous cytoplasm in which many small den~e bodies are prominent. 
Lysosomes (arrows) are often present in these areas. ( ., 18.500) 
grid and forms a matrix. The original extratubular 
spaces are the most electron-lucent parts of the 
grids. Grids are found in the differentiating cells of 
both male and female. intact and gonadectomized 
animals. Some cells do not contain any of these 
formations. but others have severa l. They a re 
rarely seen in mature cells and never in undifferen-
tiated cells. 
The differentiating sebaceous cell !< of M. 
nemestrina and G .. ~ene![alensi.'! have cytoplas mic 
tubules which in cross-section appear in groups of 
six. - :300 A in diameter. intersecting at common 
centers that conta in electron-opaque amorphous 
material (Fig. 7b) . ln longitudinal sect ion . the 
tubules are parallel lamellae with alternating elec-
tron -opaque and electron-lucent zones: adjacent 
tubules are - 400 A apart. These highly organized 
structures are continuous with individual tubules 
and with grids of agranular endopl asmic reticu-
lum. They are never seen in undifferentiated cells: 
in mature cells, they become smaller and com-
pacted. and the intra- and intertubular spaces be-
come equal. 
Another cytoplas mic formation found in the 
sebaceous celts of G. crassicaudatus hut not in 
other species consists of a system of filaments that 
originates in t he Golgi zones; although it differs 
from agranular ret iculum. the two are often closely 
associated. Since the system of cytoplasmic fila-
ments is stimulated by androgens. it is described in 
detail in another paper by Bell (this issue). 
Lysosomes also differ structurally from species 
to species. Those in human sebaceous cells are 
uniqu e; as described abo\·e, in man several small 
vesicles are grouped together durin:! t he formation 
of lysosomes. In most species. howe\·er, sebaceous 
lysosomes arc small. completely homogeneous, and 
highly elect ron opaque. ln four Rpecies of macaques 
(Bell, 197\a). the sebaceous lysosomes a re com-
plexes of crystalline and amorphou~ material (Fig. 
8a); even the smallest C:olgi-associated vesicles 
conta in crystalline materia l (Fig. 8b). In these 
macaques. the Golgi-associated ve::;ic les enlarge 
substantially and their crystalline as well as the ir 
amorphous content increases. Acid phosphatase 
can be demonstrated in all of the crystalline- amor-
phous complexes. but much of the activity i!; 
confined to the amorphous areas. 
DISCUSSION 
The ultrastructure of sebaceous glands in various 
parts of the human hody is similar. Moreover, the 
ultrastructure of the cells of prepubertal children 
and hypogonadal subjects does no( differ signifi-
canth' from tha t of adult!;. Therefore. increased 
l evels of androgens at puberty do not result in overt 
ultrastructural changes. Sansone and Reisner 
(197ll have shown that the large sebaceous glands 
(sebaceous fol licles) from the face and other acne-
prone areas convert testosterone and dihydrotes-
tosterone a l greater rates than those from unaJ-
fected a reas. but the present data give no clue to a 
F IG. 3: (a) Lysosome formation. In human sebaceous glands, this process begins with the formation of vesicles (arrows) in association with Golgi zones (gl. As development progresses, several vesicles assemble into a cluster (c). ( x 
21.100) 
(b) LySosome formation. Acid phosphatase reaction product 111 Golgi-associated lamellae and vesicles involved in 
lysosome formation in human sebaceous glands. ( x 21.100) 
(c) Acid phosphatase reaction. The reaction product is confined to the zone between the membranes limiting each 
single vesicle and that limiting the cluster in a developing lysosome. A portion of a fully developed lysosome exhibiting 
acid phosphatase activity is at the left. ( >< 51,000) 
(d) Fully formed, incompletely homogeneous lysosomes in a human sebaceous gland. ( Y 23,700) 
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F1c:. 4: (a) Formation of a double-walled strucLUre begins at the interface between apposing cell membranes. These 
membranes become highly electron opaque, and amorphous material is insinuated between them. ( x 36,050) 
lbl Cross-sections of two cell processes I arrows) are enveloped in the cytoplasm of adjacent cells. Both are in the 
beginning stages of double-walled structure formation. At the upper right. the apposing cell membranes. both of the 
cell which envelops the process and the membrane bounding the process itself. are becoming more electron opaque. 
With in the processes, glycogen panicles and free ribosomes are present along with amorphous material. ( x 22.1001 
I c) A developing double-walled strucwre insinuated between two adjacent sebaceous cells. Lncreasing electron 
opacity occurs in all membranes associated with the specialized junction, and electron-opaque, amorphous material is 
present between these membranes. ( x 63,950) 
(d) A well-developed double-wal led structure deep within a differentiating sebaceous cell. Glycogen particles, free 
ribosomes. amorphous material. and remnants of cytoplasmic organelles are enclosed within this structure. ( >. 27,900) 
138 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
FIG. 5: (a) Sebaceous cytopla~m from an alveolus located in the skin from the arm of an adult human subject. The 
cytoplasm contains abundant tubules of agranular endoplasmic reticulum and free ribosomes. Lysosome~ ( 1) and 
mitochondria are also present. ( -... 24,200) 
(b) Sebaceous cytoplasm from an alveolus located in skin from the axillary line. A Golgi zone (g) and glycogen 
particles (gl) are clearly associated with sebum vesicles. Profiles of granular and agranular endoplasmic reticulum are 
dispersed with free ribosomes and glycogen particles throughout the cytoplasm. ( x 24.2001 
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FJG. 6: Ia) Sebaceous cytoplasm in a 9-year-old human male. Agranular endoplasmic reticulum (ar) is as abundant 
as in adult subjects. Profiles of agranular endoplasmic reticulum (ar) often abut the circumferences of the sebum 
vesicles (v). Small. dense bodies are also present (arrows) . ( x 24,200) 
(b) Sebaceous cytoplasm in an 18-year-old hypog<madal human male. Glycogen particles (gil and profiles of 
agranular reticulum are a~ abundant a~ in normal adults. Lysosomes (I) and small dense bodies are also present. A 
double-walled sLructure (arrow) is forming at the bottom of the field. ( - 24,200) 
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v 
Ftc. 7: (a) Agranular endoplasmic reticulum in the sebaceous cell o( a tarsier. When grtds (arrows) form, the 
tubule~ undergo reorganization so that material originally contained within them forms a moderately electron-opaque 
matrix . 'T'he agranular reticu lum consistent ly abuts the circumferences of the sebum vesicles (v). (x 30,200) 
I b) 'T'wo forms of agranular endoplasmic reticulum in Go/ago senegalensis. One (ar,) is composed of groups of six 
tubule$ that in cross-section intersect at common centers; in longitudinal section, these formations are seen as parallel 
lamellae. This type of formation is continuou~ with ar,, which is similar to the agranular reticulum of the tarsier (Fig. 
?a). (x 57,200) 
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F1c. 8: (a) A lysosome in a sebaceous cell of a stumptail macaque. In these animals and in the three other species of 
the genus Macaca studied, lysosomes are complexes of crystalline and amorphous materia l. ( " 87,800) 
(b) Begi nning of lysosome formation in Golgi·associated vesicles in the sebaceous cell of a stumptail macaque. 
Crystalline material is evident even in 1 he smallest vesicles; two large lysosomal complexes are also present. (" 60,500! 
correlation between ultra~:.tructure and these bio· 
chemical findings . Since the composi tion of sebum 
does not vary in different body site::. tGreene et al.. 
1970), the present st ructural observations and the 
biochemical data of these authors are in agree-
ment. Nevertheless. sebaceous cytoplasm is com -
partmentalized so that some regions have abun· 
dant tubules of agranular reticulum and others are 
I 
free of them. This suggests that different functions, 
perhaps in lipid synthesis, are also subcellularly 
separated . As Ellis and Henrikson (196:J) pointed 
out, since Golgi zones are largest and agranular 
endoplasmic reticulum is most abundant in differ-
entiating cells where most sebum is synthesized 
and accumulate~:., these organelles must partici-
pate in these processes even though their specific 
142 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
contributions and those of other organelles are not 
understood . Wheatley {this issue) described the 
role of mitochondria in acetyl-CoA synthes is and 
the cytosol contributions to the ~ADPH system. 
but the interaction of these components with the 
agranular reticulum and the Golgi zone:; is un-
known. The agranular reticulum in other systems. 
such as adrenal cortex. testicular interstitial cells, 
and corpus luteum, is clearly associated with 
steroid biosynthesis (Black and Christensen, 1969: 
Cavazos et al., 1969; Christensen and Gillam. 
1969). One wonders whether this is also the s ite of 
the biosynthesis of cholesterol esters in sebaceous 
glands. On the other hand, the synthesis of seba-
ceous cholesterol esters could proceed as in the 
epidermis where the epidermal cells contain few 
profiles of endoplasmic reticulum. Whereas choles-
terol synthesis can occur in two pathways. ~ikkari 
(this issue) points out that it is not known whether 
the sebaceous glands use one. the epidermis the 
other. 
Although the structure of human sebaceous cells 
does not vary from one site to another, it is clearly 
different from thal of the sebaceous cytoplasm of 
other species. Such species differences may ulti-
mately give a clue to the role of cytoplasmic 
organelles in lipid synthesis. The formation of 
lysosomes is also different in the various species 
studied. It remains to be seen why lysosomes 
initially form as clusters of vesicles in man and as 
single crystal-contaming vesicles in macaques. 
Double-walled structures, probably specialized 
junctions, have been seen in the sebaceous cells of 
man and many other species (Bell, 1970. 197lb). 
They have also been seen in the adrenal cortical 
cells of fetal guinea pigs (Black. 1972) and in some 
pathologic conditions of the epidermis (Fukuyama 
and Epstein. personal communication). Their sig-
nificance also remains unknown. 
The highly organized. easily identifiable cyto-
plasmic configurations in the sebaceous cells of 
other mammals. particularly nonhuman primates, 
may be helpful in studying the relations hip be-
tween cytoplasmic structure and lipid synthesis. 
The highly organized grids of agranular reticulum 
that occur in many species may be either active 
sites of synthesis of sebum or its precursors or 
storage areas. Since these st ructures are easily 
detected, they provide a useful endpoLnt for further 
studies of sebaceous ultrast ructure as it is related 
lo sebum synthesis. 
The many reports on biochemical analyse~ of the 
sebum lipids of various s pecies are reviewed by 
Nikkari (this issue). The prime difference between 
human sebum and that of other species is its high 
triglyceride content {Wheatley. 1956; N icolaides et 
al., 1968). It is not known what cytoplasmic 
inclusions participate in the synthesis of Lriglycer-
ides in sebaceous cells. 
It is a pleasure to acknowledge the fine technical 
assistance of Mrs. Kunie Mah and Mr. James Montagna 
in the preparation of this material. 
I am deeply grateful to the administration of the 
Fairview Hospital and Training Center, Salem. Oregon 
for their cooperation in obtaining .. orne of the biopsy 
specimens from patients who are resident~ olthis institu -
tion. 
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